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Numerical Modeling of Moist Convection in Jovian Planets

F2IL BB b TR S Y 2 /N TR 2 A 2 bR R
SUGIYAMA, Ko-ichiro™ ; NAKAJIMA, Kensuke® ; ODAKA, Masatsugti ; KURAMOTO, Kiyoshi ;
HAYASHI, Yoshi-yuki*

VA BTSSR AL, 2 JUNKE, 3 REIERE, 4 P K
HSAS/IAXA, 2Kyushu University?Hokkaido University;!Kobe University

ARE - TEOKRKTIIKER E DRSS Z S O ELENERT 5 T ML NTED, KEE - B L2 TH RO
EOFAENEERINCHEE TN 5. RERIEE ORI, HEKASKDT S & AR, KD RS & YrE 2 OREICEH
FRBZHS TR EEZLNTVS. L L, EVEICEDNERREOEE - RBEN T 20 KN#ETH D, B
BRI BT B R & RGNS & DBIMRIC DWW TIERTZEHS D 75> TWERV D ZW. OB LKL I,
BRI OB B XL RS2 B LI EWRE T IV R BR U, RERKEGFICHE N T, ZOARGHERD D RE iz
MR E U TR E 2 FEIRIE T O RKAME 2 X T & 7z (Sugiyama et al., 2009,2011, 2014k H# £ T, TR E KT
ERRUE UT[ARRD 2 DOt EERT R 2980T U, 20 & AR NGE & OBIRZ 6T 5.

ETIVIEHEE R /52X (Klemp and Wilhelmson, 1978y 5D <. ZEMYEER I Nakajima et al. (2000} [FIfRIC,
RTELAFHEN TV S HAMZEMYIFLIST X Z ) ¥— 3 > (Kessler, 1969 W TERIL U7z, EHEFRIZHICH A
B9, KR DIFRIZ L LR W EERGI TR 5. 12 « KEE TRERICH 2 EROMSIIE « 1BHOHhE 71
T 7 ANV N TRV, REOBIHIFERICH D E 2 barmEh S 0HAE R (0.1 banDRIZIHHIT S T LI L
To. METHPTHRRARIC £ 5 X COFHRIFR 2 i d % 72, BuBifilOfld AR B RSKUC BT 28E L © 2#7KE W -1 kiday
&9 5. GHAEREEIZK A MIC 7680 kmE 9% SMEFHRAEBMO K E X, TR T 480 km, K EEZMT 650 km& 9
% . R 7T & SRE T AT 2 km &9 5. FEREEA T OIREH 1 ECT#EHR (Sugiyama et al., 2006 £Du
TYUE LTz, FHEEIR T ORGSR KA DIFEE L, IR TRV, IR TSR L U TR K ERIC &9 5.

TR & RERSFMORTFRIRO K E AREIE, H20 £ 5 LIRS @IS 2 IR N s EATRA
R5N%—)5 T, ffhiE BRIk < TRO FRERMZEE O NS T ETH B, iV FREADFES % &0 5 K, Bk
STHRW BRI E A < THIW RREIKIC & » TREOD U S NTEARBSMAOR TR EIRNTH 5. LR ERFERICBNT
PREHROKRE T EARE FAREED 50 m/sLLETH D, [ FE O LA TIMEEEDOERZIIATH 5. REESEKMAT
BONEBAENRE/NEL, TOT LB TRIDEREEDSD FEERNVHEMT 5 2 L 2EKT 5. LREFMFERERE
FHCBOT FRERD BT 2 DIELITD 2 DOMHIC K 5. 1 DIEREEIDY, T 5 OINEATIE A& <, SRS
(0.1<p <2 bar) TOHMT K > THEISNST2HTHS. £ 5 1 DO, ik EAOMRENARE RS K D BKIRZ
CLTH5. LRERERTII H2O DREEED & O R (L) T E 2. St o Tl H20RENZIE LT &
5% 128, TOmEHE TR H20 ORHRTEAD T G IERIT/NE 5%,

T — 1 AR, MR, BAGSE, TG E 7
Keywords: atmosphere of Jovian planets, moist convection, numerical modeling, cloud resolution model

1/1



Japan Geoscience Union Meeting 2015 /0 d ;

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

PPS01-02 £35A03 FFRE:5 H 26 H 12:15-12:30

The radiative cooling and the solar heating in Jovian troposphere
The radiative cooling and the solar heating in Jovian troposphere
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For Jupiter, the atmospheric energy balance is important to understand not only its characteristic atmosphere circulation bt
also the thermal history over 4.5 Ga. To estimate effects of solar heating and thermal radiation cooling, radiative transfer model
are useful. Some previous studies discussed the heating rate in the stratosphere in order to analyze the mechanism of therr
inversion layer formation (Yelle et al., 2001), whereas that in troposphere has been little treated because the temperature profi
can be simply explained by the adiabatic profile. However, the tropospheric thermal balance must be important because th
region emits the major part of Jovian thermal radiation and allows cloud activities by generating the convective instability.

So far, we have been developing a radiative-convective equilibrium model to calculate the thermal structureclofaitt
mosphere. By using this model, here we examine how major condensable ga€esOiHy, NH3) and isolation affect the
cooling rate profile in jovian troposphere. For this purpose, we solve 1-D radiative transfer equation in a plane-parallel, non-gray
cloud-free atmosphere over 0-25,000chwhich covers both the planetary radiation and solar radiatiostHEl collision in-
duced absorption (Borysow 1992, 2002),®4 CH,, NH3, PH;, HoS and GeH line absorptions (HITRAN2012), and Rayleigh
scattering are considered as optical parameter. Canonical mixing ratios of these heavy species are given as three times the s
abundance, respectively. Depletion of condensable species due to condensation is also taken into account.

From our results, we found that the cooling is strongly affected by thermal emission from gasegpasddkiated with slight
contribution from H and He. The cooling rate profile shows a peak around 0.59 bar and its value is -Z.3%/&c. The
calculation without NH shows peak (-6.6xIC K/sec) around 0.8bar. #D and CH have little contribution in upper tropo-
sphere, but their contribution increase in deep atmosphere (below 1bar). Solar radiation with wave number between 2,500-10,0(
cm-' (wavelength of 1-4 micron meter) significantly heats stratosphere, but its effect becomes weaker as pressure increases, th
almost vanishes below 1 bar level. Solar radiation with higher wave number between 10,000-25,00.da1 micron meter)
almost uniformly heats the stratosphere (7.1X18&/sec) and its effect also becomes weaker in the deep atmosphere. Those
heating compensate the radiative cooling, and change the sign of heating rate from minus to plus below 1.2 bar level.

These results show that the cooling in troposphere is virtually dominated by ®iHe might consider that our estimation
depends on the abundance of NiH the deep atmosphere, which is not well constrained at present. But the atmospheric cooling
occurs basically in the upper troposphere where thg ldblindance follows the saturation vapor pressure curve. Therefore,
the uncertainty in N5l abundance in deep atmosphere may have a limited effect on the cooling profile in troposphere. More
significant factor may be the abundance gfS+elative to NH. It is expected to be 1/3 if we assumed solar abundance, but the
actual abundance is poorly constrained especially f@.Hf the ratio becomes higher, the cooling rate profile is greatly changed
because of loss of NHgas owing to NHSH formation. It indicates that unknown,B abundance is an important factor that
controls not only NHSH cloud formation but also convective activities in the upper troposphere.
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Simulation study of Jupiter’s stratosphere: development of a new radiation code and im
pacts on the dynamics
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We have developed a new radiation code of radiative heating and cooling for Jupiter’s upper troposphere and stratosphere (1
to 1073 hPa) suitable for general circulation models (GCMs). It is based on the correlated k-distribution approach, and account
for all the major radiative mechanisms in the Jovian atmosphere (heating due to absorption of solar radiatigrelog €ebling
in the infrared by GHg, CoH2, CH,4 and collision-induced transitions of;HH, and Hy-He). The code can be applied for Saturn
and extrasolar gas giants. Vertical 1-D calculations using this code demonstrated that temperature of Jupiter’s stratosphere
close to radiative-convective equilibrium, and that the radiative relaxation time decreases exponentially with height*(Bom 10
near the tropopause to 16 in the upper stratosphere). The latter differs from the study of Conrath et al. (1990), which showed
the very long £10° s) relaxation time approximately constant throughout the stratosphere. Our calculations with the GCM
show that the radiative relaxation time suggested by Conrath et al. (1990) is too long, and cannot sustain convergence of mod
solutions. With the newly derived vertical profile of relaxation time, simulations converge and produce realistic temperature and
wind in Jovian stratosphere.

F—TU— FRE, BUERE, R&UBES, K&, BRI AR, JUICE
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Cassini-Huygens Mission Highlights: Discoveries in the Saturn System
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Cassini-Huygenst v ¥ 3 VIC K %25 11FEMICHE S TEREEL, HILVWRRLE, T5RZZRMOEEZRNTE
7zo CassinidA—E 2 —IIHERITE PO 7 4E4%, 200441 LRFRHLHEICA D, TRERRAOMHESE Titan lfF Mz
EETBTZORKEMEOBRNZTT> 72, ZNLLK, Cassiniic kK25 REIGTE, @MARES, SHAHEER, L
TS DT A& DPfi e & Z AT TV 5,

Cassinic 28 < DFRAOHFTE, FEIRXZEDX, RINE &85 T 5 EnceladusD Ftisn 5 EHI9 %K
KILRD Y = &, Titan OWRE LSV OMRARE & ai BV LA K 2 BRI 9 2 K& S5, TREIEEROE
Kz Ja (1990 LR DHIUR) D iR fE « HEGEEIC X 2 EGEN], T2 F 0 A— MVIKERS & Bfis#EE I Lan
EWV S FHIEER, Enceladush T 0 E Bk 1 L KB Z 723 /KD FOIRTH 5 T &, 7 U TERRD =Rz f124R
WrOMfRIE EMH %, Cassinilic &2 THRRTOHRIZ, RKEEK T Ot X0 EERL T\ 5,

CassiniDiZ: 2 FEF D ARICFERZ U T TEREZ K ORAND o Tz HHIXREHEROEONZHITS &, Titan DA
BHIMMIEKIC L, 2D BV DHhDFEE DFHIICKII LTz Z &%, Enceladuskiii FOWOIFIEZIAS MM LT
&, LRIMOBERS/E, Enceladush S5EEHNZY v MITFORE MW NCELA SN, Yoy ME#EE TN
fHETRAICERS T &, Titan Dl « Ligeia MareDE 1 150-200mTH % T &, BROFHMGEIC IR EZYE, propeller
IRESE DB TANOIERE, 7 U T EENETRE T EOMENKENS T &, Titan&Eif KO, KRGEE 2
LB ORI EAE R DEHT B OE S ORI B 2 &, Z LT Titan Ok OB IERHi Rt 07z ns T
i ENH 5,

Cassini’ay 7 M&EbHDICHIT Iz SolsticeX v a Vi, EHEZTHRAEAEPHIETEDOTH S, vy a yORK
72— A TH% [Grand Finalg & 20174FICBHIA S N, SE AN DERONMICAD, s R EEENM TS5 X5 7%
B R EWHEMERYE OB WIGEZ 228D, S5 E TICARWIEE TOE 1 LA BONEZTTY, BRE TEDERD
WE L, SETICHEERDA ST EDBRWVIHBTORA 7 In-SituiHillZ175 FETH 5,

COTLEYT—a YTl Cassini7ay 7 bOCTTEFTO ILEBONATA ML, TORIFERI Vv g K&
TE CTORMHZFHT %,

Cassini-Huygeng: NASA,, European Space Agency (ESA¥Y L T %V 75/ (Agenzia Spaziale Italiana, ASfy 1t
FIvy>arTths,

DTV YT— 3 YONED—EIE California Institute of Technology) Jet Propulsion Lalit, NASA & D3I
XoTirbh, 7AVABIHOTHERICKZ 5N TWE T, R2015 California Institute of Technology
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Cassini Imaging Science at Saturn: Global Atmospheric Dynamics and Cloud Morphol-

ogy
Cassini Imaging Science at Saturn: Global Atmospheric Dynamics and Cloud Morphol-
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We present recent results produced by the ISS visible-wavelength imaging camera onboard the Cassini spacecraft, which h
been orbiting Saturn since 2004. The atmosphere of Saturn is not static. Just like that of Earth, it harbors many phenomena wi
a wide range of timescales that evolve over time. Our presentation will first present a mean-state of Saturn using a global mosa
of Saturn. The cloud features of Jupiter are well-characterized due to the stark contrast presented by light and dark bands, t
Great Red Spot, and other discrete vortices. In comparison, Saturn?fs cloud bands and features are more muted due to the th
global stratospheric haze layer that masks the tropospheric clouds. In addition, we emphasize that, because the rings and ri
shadows obscures much of the winter planet, global maps of Saturn can be obtained only from the vantage point of an orbitin
spacecraft. Using the images of Saturn obtained before and after the equinox of 2009, we have constructed global cloud mosai
of Saturn. We also present temporal evolution of the zonal wind profile between 2005 and 2013.

We will first give a global overview of cloud features on Saturn that has been observed by Cassini and then focus on individua
regions of interest. Among the many cloud features, we focus on the following. The first feature we will report on is the changes
exhibited by the region where the Great Storm of 2010-2011 erupted. The disturbance left behind the storm continues to evolve
and we present the latest update. Second, we present the morphology of the north polar region. The hexagonal cloud featu
at 75 degree N latitude emerged from the winter shadow in 2008, and its morphology fully came into view after the equinox in
2009. The cloud contrast has been evolving with seasons, and we present our observation. We also report our observation of t
north-polar vortex, and compare that to its southern counterpart.

Our study is supported by the Cassini Project, NASA Outer Planet Research Program grant NNX12AR38G, NASA Planetary
Atmospheres grant NNX14AK07G, and NSF Astronomy and Astrophysics grant 1212216.
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Exploration of Titan’s Seas
Exploration of Titan’s Seas
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Saturn’ s moon Titan has extensive lakes and seas of liquid hydrocarbons that are a priority target of future exploration. The
largest of these seas, Ligeia Mare and Kraken Mare~&@0km and~1000km in extent, respectively, and are composed of
liquid methane and ethane at 94K, with likely traces of hundreds of other organic compounds. Titan's seas represent a laborato
for air-sea exchange and other hydrological and oceanographic processes, as well as a site of astrobiological interest.

Observations from the Cassini spacecraft, in particular its radar instrument, have measured the depth of Ligeia Mare to b
~160m, consistent with terrestrial basins of similar size. The tidal amplitudes have been predicted to be some tens of centimeter
and as surface windspeeds grow to 1-2m/s as we approach northern summer in 2017, waves are expected to form. Cass
observations of sunglint and with radar and radio generally show the sea surface to be flat up to now, but some time-variabl
patches of reflectivity show that dynamic processes are active, and perhaps that waves are just beginning to form. Further Cass
observations are eagerly anticipated.

Several proposals have considered future missions to Titan's seas. Of these, the most detailed work was for a NASA Discovel
Phase A study, the Titan Mare Explorer, TIME. This envisaged a radioisotope-powered capsule in Ligeia Mare in 2023, which
it would traverse over several weeks blown by the wind. Detailed designs and operations plans were developed, and prototyy
instrument systems (e.g. sonar transducers, liquid sampling inlets) tested in cryogenic conditions; scale model splashdown testi
was also performed.

More recently, the NASA Institute for Advanced Concepts has sponsored a study of a robot submarine to exploresTitan
seas circa 2040. This study has addressed some unique challenges such as the reconciliation of hydrodynamic design driv
with the need to accommodate a large data relay antenna.

Whether these vehicles, or other systems such as airplanes or balloons, explore Titan next, it is clear that Titan’s seas offi
tremendous scientific potential and public engagement.

F—"7— K Titan, Hydrocarbons, Oceanography, Exploration Vehicles, Radar
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JUICE: A EUROPEAN MISSION TO JUPITER AND ITS ICY MOONS
JUICE: A EUROPEAN MISSION TO JUPITER AND ITS ICY MOONS
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The recently adopted European Space Agency (ESA) mission JUpiter ICy moon Explorer (JUICE), the first large mission se-
lected by ESA within the Cosmic Vision 2015-2025 Programme, is currently planned for launch in 2022. Details of the mission
are described, including the payload, planned orbits and the expected science return. The focus of JUICE is to characterise t
conditions that may have led to the emergence of habitable environments among the Jovian icy satellites, with special emphas
on the three worlds, Ganymede, Europa, and Callisto, likely hosting internal oceans. Ganymede, the largest moon in the Sol:
System, is identified as a privileged target because it provides a natural laboratory for analysis of the nature, evolution and pc
tential habitability of icy worlds in general, but also because of the role it plays within the system of Galilean satellites, and its
unigue magnetic and plasma interactions with the surrounding Jovian environment. The mission also focuses on characterisir
the diversity of coupling processes and exchanges in the Jupiter system that are responsible for the changes in surface, ionosph
and exospheric environments at Ganymede, Europa and Callisto from short-term to geological time scales. Focused studies
Jupiter’s atmosphere and magnetosphere, and their interaction with the Galilean satellites will further enhance our understandir

of the evolution and dynamics of the Jovian system.

F—7— R: Jupiter, Ganymede, Europa, Callisto, Magnetosphere
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Jupiter Icy Moons Explorer: JUICE
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JUICE &l&, ESAMN 20124E5 HICHEE L L 7 T AGHHETH O, 202249475 LIS, 2030FAREREE, 203244
ZATEEERADTFETH S, KEFER., FTRIAEEEEEN O ARKEROBINZEML ., A= A7 & [EiEek
ANBIEHZ AT LWV KGRRKOKEEDOREEZIT. YAZVX - 7=k (1) BERHRAREDOMFOHER (2)
KEEE (H=AF, Zors, HUZA L) OFEETH S, AO L ZDEDRTEEFRETRE 572 JUICEICHE#H I NS 118
ARt — LD 5 B, 3 DO (RPWI, GALA, PEP/INA)C DWW TIZHAMN S JUICE-JAPANAYN— K7 = 77 D
— AL B2 HICAR D 2 DORER (JANUS, J-MAG)IC DWW T/N— R = 7 OFMILIZ N DY A T A Co-l £ LTH
Md 3T & &izoiz, WHNDERE R DD TR KAGHERAD AN SEIRIEE VWS IETSINT 2 2 L35k e
EEHENARETH S NENETEADOSIN] LW HHATH D JUICE-JAPANIX Z D EERT £ 75 %, JUICEDENE
PRREIE Q) FBNKEZER LU, ERAAKEOMAOHE, BXU, Q7AManNsray—2E# LUz, Kb
B (A7, 2o, BV AL OBETH S, KEFBEHLHED S AKEROBN (RiXE, KEKAX, Tooos-
HVAR « HEAXATOTSANAE) ZEML, EAHAKEOFME UTOREREEZITS T LT, TERHAK
BROKFR LN ZEHT2E, 4D0H0) LAFHEDS B, T - U A DT I AL B, KGREKD
KEEA = AT DR EIBMIC X2 MEZEM L., EaE e OREZT1TS T & T, EMFEERREREE S LTk
R NEO RS ZHT % 2 EMNIUICEDHMNTH S, JUICEDFT S EFiZ., 77U 75 Tirbns, 1B 1
IR R 5 o R I3 1800kg, KAKEHEH 2900kg T %5 (AE7x A V IEH) 2700m/s, 3 HlfilHOLRER TH D . KBHE
) FIVERSE 70MP. ZHUC & D TOOWDEHEFEX &%, FPABHIFAICIL, Fi 104kg /] 150W 105 1 —
AMHEIN TS, X, X BXU KanNy Rickb, 15 L%k, Hisk - 2 « #iEk - ke w5 Ao 107
INAZRET, THENTTARBICEET 5, A ATREBPTER AL, HZ AT W05 KGRRKDKEZEDOREEZ H
WETE (CORBECMATZIAREAVAMDTSANAEHUND ST &, DD, VA baNA4A 0T —0BN
WMOIEHZERU S THURE) ZRDKERE 3 DD TR Tx JUICEWREIITZ &V T Lid, FEICET %), mikic
. & 500km T OJE [BIEHIZ 100 HE. 200km T O JE [H#EH 72 30 HESEM L., REZIEHZATICHEELTI vy Vg
KT THB, HAMDS JUICE-JAPANE L TEINT 5. /N— R = 71 3 B85 (RPWI, GALA,  PEP/INA): U1 T
Y AZN 2 #ds (JANUS, J-MAG)Z E LAaDE % &, REARK (JANUS). REWSE (PEP/JINARPWILI-MAG, K%
& (GALA,J-MAG,JANUS) W57z JUICEDY ALYV A « T—DITNTIC, HEANSNT VAR EIWATRETH
5T Ehbh B, 20134 9 AICIENIC JUICE-JAPAN WGHYERYL E Nizt%. JUICE-JAPAN WGIZ, FEK 26 4 2 HI</)h
BT aY r 7 FOEEISHLUTIGE L, 9 HICH¥ERERICK %S MDR/SRRZ @A LTz, ZD% WG iEEHE LT, KX
PN PI & OBIHE B AL ) O VEYE. BIIPEB LRI BID 2 5%, T SRRATINARE B L) 7= i 5%
Efti, FHERZ. WEGHhE )Tyl hAOBITRHATSH %, 5%, SV 7ayc 7 b, Tadzr bEiEdh, K
28 EICIE PDR, K 294EZIC CDR LA TV FETH %, JUICEIZ TV =7 METETERN 20EL DB E
HMICES 70y 7 b Thb, HWHIBMRBZEDENSRBIFLEZDOMNHZ KM vy a v NOBIZ RN E &
TENWEEZ TNV,

F—TU— R RE, A2 AT, R RA
Keywords: Jupiter, Ganymede, Satellite Exploration

1/1



Japan Geoscience Union Meeting 2015 /0 d ;,

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]ggg;gimc

Union

PPS01-09 £35A03 FFR4:5 H 26 H 15:40-15:55

V=T —)] A VRAKIC K D IVRERIERE - 7V —Y VI RIEABII LR E

F VR DGR _ . _ _
Outer Planet Exploration by the Solar Power Sail: Cruising Observation and In-situ In-
vestigation of Jupiter Trojans

ORES BI bs AN JE L A B 2 R K 3 RN Bt EARES &R
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YANO, Hajime!* ; MATSUURA, Shujit ; NAKAMURA, Ryosukée® ; YONETOKU, Daisuké ; KEBUKAWA, Yoko* ;
AOKI, Jur? ; MORI, Osamti ; SOLAR POWER SAIL, Working group

VA LB TR - TR AISERT, 2 PESERARRR SIS, ® IR,  BRENTRCE, 5 RBOR:
Hnstitute of Space and Astronautical Science, Japan Aerospace Exploration Adémiaynal Insitute of Advanced Science and
Technology?Kanazawa University: Yokohama National UniversityOsaka University

After more than a decade of mission studies and front loading technology developments and verifications including IKAROS,
the first deep space solar sail in the history, the Solar Power Sail mission has been proposed to JAXA/ISAS in February 2015, ¢
a candidate of the upcoming strategic middle-class mission for a space engineering-driven mission to demonstrate the first out
Solar System exploration of Japan.

While demonstrating the solar power sail technology in the deep space at 1-5.2 AU, it is bound to Jupiter Trojan asteroids
which may hold fundamental clues of the Solar System formation and revolution discussed by two competing hypotheses be
tween the classic model and the planetary migration model. The former suggests that Trojan asteroids are mainly survivors c
building blocks of the Jupiter system, while the latter claims that they must be intruders from outer regions after the planetary
migration of gas planets settled.

Right after the launch around 2021, the cruising observation will start to produce scientific results. First dust-free infrared
astronomical observation beyond the zodiacal light foreground scattering will be conducted to search for the first generation ligh
of the Universe, let alone optical observation of the zodiacal light structure of the Solar System. Extremely long baseline with
the observation from the Earth, gamma-ray burst observation can identify their sources. Continuous dust impact detection wil
reveal the large structure and distribution of the Solar System dust diskdhm™2 of an large-area dust detector array deployed
on the sail membrane.

After Jupiter flyby, the spacecraft will reach to a target Trojan asteroid28f km in size in 2030s. Both global remote ob-
servation and deployment of an autonomous lander will be conducted. On the surface of the Trojan asteroid, sampling will be
attempted for in-situ TOF mass spectrometry and passing the sample container to the mothership for a possible sample retu
option.

This presentation discusses major scientific objectives, mission design and spacecraft system of the solar power sail, togeth
with current development status, in-situ observation instruments and including landing and sample return from the surface of
Trojan asteroid.

F—I— R V=F—FIA), Z)V—I 2 TEM, RE b aVvEUNKER, BERE, 2 O5EESH, YTV Z—

Keywords: Solar Power Sail, Cruising Observation, Jupiter Trojan Asteroids, Surface Exploration, In-situ Mass Spectrometry,
Sample Return
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Tidal deformation of Ganymede and effects of a subsurface ocean: a model calculation i
preparation for JUICE
Tidal deformation of Ganymede and effects of a subsurface ocean: a model calculation i
preparation for JUICE

BE 22— b ARAT 75 2 AR 515 3 Nimmo Francié ; &84 1
KAMATA, Shunichi'* : KIMURA, Jun? ; MATSUMOTO, KOji3 : NIMMO, Francis' ;: KURAMOTO, KiyOShi1

VIR, 2 TR ELSI, 3 BN KSR, 2 ) T AV T RET V2 7 )b— T
'Hokkaido Univ.,2ELSI/Tokyo Tech.?NAOJ,*UC Santa Cruz

One of major objectives of the JUICE (JUpiter Icy moons Explorer) mission is to characterize the extent of subsurface oceans ¢
the moons, in particular Ganymede, and GALA (GAnymede Laser Altimeter) is planned to detect and monitor tidal deformation,
which is sensitive to the interior structure. A previous study indicates that the viscosity of the icy shell is the major controlling
factor of the amplitude of tidal deformation [Moore and Schubfrdyus 2003]. This result, however, is based on simple
calculation results assuming a shell with uniform viscosity. For a conductive shell, the actual viscosity will depend strongly on
depth; the viscosity is very high at a shallow depth and is low at the base of the shell; such a large variation in viscosity shoulc
affect tidal deformation. Thus, a detailed investigation for tidal deformation of Ganymede in light of a depth-dependent viscosity
is necessary prior to the JUICE mission. In this study, we investigate the amplitude and the phase lag of tidal deformation o
Ganymede assuming a depth-dependent viscosity shell model.

Preliminary results assuming a constant temperature gradient and an Arrhenius-type rheology suggest that the main contr
on tidal deformation is not reference viscosity (i.e., viscosity at the melting temperature) but is rigidity if the subsurface ocean
is thick (>10 km). For a conductive shell the fluid limit of tidal deformation is unlikely to be achieved even if the reference
viscosity is extremely low (i.e., 20 Pa s) because of the high viscosity near the surface. The thickness of the ocean is found
to be a minor control as long as a subsurface ocean exists. The phase lag can be up to several degrees, though the range o
variation for a depth-dependent viscosity model is much smaller than that for a uniform model. These results indicate that the
presence of a high-viscosity near-surface layer, which has been ignored previously, has a large effect on tidal deformation o
Ganymede.

On the other hand, if a subsurface ocean does not exist, the major control on tidal deformation is the viscosity of a high-pressu
(HP) ice layer; the near-surface layer plays a minor role in contrast to a thick ocean case. If a HP ice layer has an extremely loy
viscosity ("102 Pa s), such a layer behaves as fluid, leading to amplitude and phase lag similar to those for a thick ocean case. |
a HP ice layer has a moderate or high viscosity, the tidal Love numbe&phld be<0.5, which is much smaller than that for a
thick ocean case (i.e.ph>1). GALA measurements should distinguish such a difference in tidal amplitude.

Keywords: Tidal deformation, Ganymede, Subsurface ocean, JUICE, GALA
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Interéor evolution of Ganymede and its surface manifestation: toward JUICE measure-
ments

AR5 aAR 2
KIMURA, Jun** ; KURAMOTO, Kiyosh?

RO AR A A se T (ELSD |, 2 JbigE
LEarth-Life Science institute, Tokyo Tectokkaido University

Jovian moon Ganymede is the largest moon in our solar system and its icy surface is shared by global-scaled tectonics, term
as grooved terrain, which has been interpreted as grabens resulting from lithospheric extension and the average impact cra
density on the grooved terrain corresponds to an age of 2 Gyr. According to geological estimates, 3-4% increase in the satellit
radius may be required for their formation. In addition, the small value of the moment of inertia factor and the strong intrinsic
magnetic field observed for Ganymede are consistent with a highly differentiated interior with a conductive dense core. Hence
Ganymede has likely undergone significant temperature rise inside allowing the separation of a conductive core and global expa
sion during its history. However, the release of accretional energy is insufficient for the melting of metallic materials. Either the
short-lived radio nuclides or the late stage heavy bombardment should heat the interior too early to explain the global expansio
at 2 Ga from the formation of Ganymede. Thus its mechanisms still remain an open question.

This study numerically investigates the possible influence of hydrated rock on the thermal history of Ganymede. Here we
assumes that Ganymede had an initial structure with a relatively thin water ice mantle and a low temperature primordial core
made of the mixture of hydrous rock and Fe-sulfide similar to hydrated primitive meteorites. This may be supported in part by the
similarity in reflectance spectra among hydrated carbonaceous chondrites and asteroids near Jovian orbit. In order to investige
above influence, we perform numerical simulations for the internal thermal evolution using a spherically symmetric model for
the convective and conductive heat transfer with radial dependence of viscosity and heat source distribution. The primordia
core is heated by the decay of long-lived radioactive nuclides. The rise of core temperature is kept slow after the occurrenc
of effective thermal convection in the core having low viscosity of hydrous rock. However, once the temperature reaches the
dehydration point then the highly viscous, anhydrous region begins to grow associated with the release of water to the mantle
The core temperature thereby becomes to increase faster with accelerating the further dehydration of primitive matter. Dehy
dration of serpentine occurs at 1 to 2 Gyr after the satellite formation, giving an explanation for the cratering age of grooved
terrain, and increasing in total volume of the moon by the dehydration is expected from calculation of temperature, pressure, an
density with depth profiles extending from the center to the surface of the moon using 3rd-order Birch-Murnaghan equation of
state with the thermal effect incorporated into the thermal expansion coefficient. In addition, the core temperature subsequent|
exceeds the eutectic point of the Fe-bearing sulfide and oxide so that the formation of a conductive dense core could occur
their gravitational segregation. Meanwhile, Callisto does not heat up sufficiently to melt the sulfide component or dehydrate the
primordial core because of the efficient heat loss for smaller body. The difference of radiogenic heat and moon’s size betwee
Ganymede and Callisto may have potential to create the surface and interior dichotomy between two moons.

Finally, we expect these hypothesis can be validated through the JUICE mission. Coverage and resolution of current data ft
Ganymede'’s surface acquired by Voyager and Galileo spacecraft are quite poor, and considerable part of the surface has be
classified as 'unclassified unit’ in the current geologic map. GALA and JANUS onboard JUICE spacecraft will perform a full
global mapping of surface morphology of Ganymede, thus we will be able to constrain an amount of surface area incremen
associated with the groove formation and a regional surface age of each groove to see a tectonic history and interior evolution.
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Geophysical Controls on the Habitability of lcy Worlds: Focus on Europa
Geophysical Controls on the Habitability of lcy Worlds: Focus on Europa

VANCE, Stever* ; HAND, Kevin! ; PAPPALARDO, Robeft
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1Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, USA
1Jet Propulsion Laboratory, California Institute of Technology, Pasadena, CA, USA

Many icy worlds in the solar system are likely to contain inventories of liquid water comparable to Earth’s. This meets only
one planetary habitability requirement; less is known about whether icy world oceans permit the needed chemical disequilibria
Evidence for sustained internal heat and abundant water on Jupiter's moon Europa suggest life would have had the perceivi
time necessary to develop there, but sources of electron donors and acceptors critical for habitability have been difficult to asses
Past investigations assumed hydrogen production at the rock-ocean interface scales with the heat input to the rocky interior, a
that subsurface weathering and alteration are inconsequential. However, estimates of hydrogen production rates on Earth sh
that low-temperature hydration of crustal olivine produces substantial hydrogen, on the ordéy ofdl€s yr!, comparable
to the flux from volcanic activity. Here, we estimate global average rates of water-rock reaction on Earth, Mars, and icy worlds
in the solar system using the pressure- and temperature-dependent physics of microfracturing in olivine. We predict hydroge
production within Europa’s oceanic crust—also potentially applicable to other icy worlds—that are higher than those on Earth,
even in the absence of contemporary high-temperature hydrothermal activity. Radiogenic cooling exposes unweathered rock
material progressively over time to ever greater depths. Shallower gradients in pressure and temperature in objects smaller th
Earth expose new unaltered rock with an efficiency that scales as the inverse of gravity, so up to 100x more efficiently than Eartt
Weathering and alteration of exposed material, mainly by serpentinization, release heat and hydrogen, which are necessary f
life. We hypothesize that Europa’s ocean could have become reducing during geologically brief periods when hydrogen flux fror
rapid reweathering far exceeded oxidant flux. thermal-orbital resonance 2 Gyr after Europa’s accretion that caused oscillatior
in mantle heating. Europa’s present-day limit of mantle tidal heating would produce volcanic hydrogen (06ra&fES yr')
that offsets the low end of estimated production from serpentinization alone (total range5%d1®° moles yr'). Evidence
for subduction- like behavior in Europa’s ice suggests that radiolytic oxidant flux to its ocean is at that high end of the previously
estimated range (5x24x10'' moles yr!). These factors make Europa unique among icy worlds for potentially having an
oxidizing ocean with a high flux of reductants. Europa is thus a prime candidate for hosting life.

F—"7— K Europa, Icy Worlds, Astrobiology, Habitability, Outer Planets, Microfracturing
Keywords: Europa, Icy Worlds, Astrobiology, Habitability, Outer Planets, Microfracturing
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Application of Habitable Trinity concept to Europa

AL 5
MARUYAMA, Shigenori'*

VU TSR A R A A 2

LEearth-Life Scienece Institute

Habitable Trinity is one of the most significant condition to bear life. Habitable Trinity is the environment where atmosphere,
ocean, and landmass coexist under the driving force for material circulation between trinity components. Habitable Trinity
condition is the minimum requirements to emerge life. Because life body is not made from only water component. Life needs
constant supply of C, H, O, N and minor elements derived from landmass such as P,K, Fe etc to maintain the body. Therefor
Habitable Trinity environment is the key for life.

This requirement can be applied to other planetary bodies in the Universe. Let’s think about the case of Europa, the moo
of planet Jupiter. Europa has a water-ice crust on its surface and thought to have water ocean beneath it. People who think tl
existence of liquid water enable life be emerged insist that there is life in Europa due to the existence of water ocean under the ic
crust. Once we consider the conditions of Europa based on Habitable Trinity concept, the answer is given easily, which mear
there is no chance to bear life on Europa. Europa does not provide the environment to maintain coexistence of atmosphere, oce:
and landmass which is constantly circulated.
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ENERGETIC NEUTRAL ATOM (ENA) IMAGING OF THE EUROPA GAS CLOUD

FROM JUICE
ENERGETIC NEUTRAL ATOM (ENA) IMAGING OF THE EUROPA GAS CLOUD

FROM JUICE

BRANDT, Pontus* ; MITCHELL, Donald' ; WESTLAKE, Joseph; MAUK, Barry! ; SMITH, Todd'
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The Jupiter Energetic Neutrals and lons (JENI) Camera is one out of six sensors of the Particle Environment Package (PEF
suite that was selected for flight on the ESA Jupiter Icy Moon Explorer (JUICE). JENI is a combined imaging energetic ion
spectrometer and an ENA camera that operates ir-th& keV to 1 MeV range for ions and0.5 ? 500 keV for ENAs and is
capable of separating H, O, and S. Its angular resolutigt?i® for >10 keV H.

In ENA mode JENI's main objective is to constrain the Europa surface (or subsurface) mechanisms that release material t
space by imaging the neutral gas surrounding Europa using ENAs produced when energetic ions of the Jovian magnetosphe
charge exchange with the extended neutral gas atoms or molecules.

ENA observations of Jupiter by the lon and Neutral Camera (INCA) the Cassini spacecraft have revealed ENA emissions
surrounding Jupiter at about the orbital distance of Europa. The observations are consistent with a column density peakin
around Europa’s orbit in the range fronx 20'2 cm~2 to 7x10'2 cm™2, assuming K, and are consistent with the upper limits
reported from the Cassini/UVIS observations. Detailed analysis shows indications that the neutral gas cloud may be centere
on Europa and not symmetric around Jupiter. This would directly imply that the source of the gas is Europa itself. The INCA
observations also show indications of magnetospheric dynamics that result in about a factor of two variation in ENA intensity.

We describe the INCA observations and its implications for JUICE, Juno and Europa Clipper, and discuss the neutral-plasm

coupling pertinent to the Europa/lo plasma/neutral environment.

F—7— R: Europa, Jupiter, Torus, Magnetosphere
Keywords: Europa, Jupiter, Torus, Magnetosphere
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Solar System Satellite Formation : an overview
Solar System Satellite Formation : an overview

CHARNOZ, Sebastielt
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Hnstitut de Physique du Globe de Paris (IPGRJIM (Astrophysique Instrumentation Modelisation)
Hnstitut de Physique du Globe de Paris (IPGRJIM (Astrophysique Instrumentation Modelisation)

The origin of Solar System satellites is actively debated. We know understand that, despite the morphological analogy betwee
a satellite system and a planetary system, the formation processes of satellites may be significantly different from planetar
formation processes. in addition, satellites evolve quickly under the effects of tides. Different scenarios seem to be required fo
different types of planets (terrestrial, giant or ice giant). In this talk | will current satellite formation models and the different
constrains. Based on Cassini images and numerical simulation, | will show that there is today on-going accretion processes
the edge of Saturn’s rings, pointing to a new satellite formation process.

F—7Y— F: Planet, Satellites, Formation
Keywords: Planet, Satellites, Formation
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JUNOIC XA REHE L Eh 5OV R— MEH| . :
The Juno Mission and the Role of Earth-Based Supporting Observations
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NASA O JUNOFAE L 201114 BB, 2013FEDOHIER T T A /3112 K 2 B2 #% T 20164 7 AICAKREIC
HET BEHETH %o NEFFERIGTA D BERRT OPNINC A 2 BEOROmOREHHUEIC A D, AREZF) 30[EE RS
%, JUNOX v ¥ 3 YOERBEMNIIARERKIEEOKDFOAT O, BENLOE GO, Z U TSR D
RAED I TH B, TNHOFHNIC K D ARENEOME, K, £ U COHiERZ =TIt 2 2 E A RTEEIC X
%o Tz, TNUCK D RELRFORGHIRZ REDONIIEER LAET DU TR 5 C L EMREIC A2 HIAATH %, T
NHEDOWIRIC KD, KREDEK EH#ILDOBERZIS ML, HAKERBIC OV TRENZIRZFRD S T &L EHEX
HINTH %,

JUNOREREIC ISR S N2 BINIFERSR L, BREEIERBED in-situilkges &, ILEIEEREETICD > TRED Y E— -
LUV BT OBEERD 2 DI 5 NG, VE— by Yy TERDEINIT %P EAT X Ultraviolet Spectrometer
(UVS) A 70-205 nm Juno IR Auroral Mapper (JIRAM)® 2-5 p m, % L T Microwave Radiometer (MWR}> 1.3-50 cm&
ToTW\5, ZHUChnZ, nlgbEs A Z JunoCamh RGB 7« )L 2 —& 890 nmA % VWRIR T « )V 2 —72 FHVWT 7 7 b
U —FHbigz 3 55t TH %, JUNOWRAKREZ 30EILL FEREIT 2 FETH D, SIS HEGNGER] SN 270,
VE— MV TRINZESE L TITS DIF, RIIOWLESE, HLHE3~8IFTH S8 (B0 DAL E 1 HETHIE
76), RMAEEORIKHEIZTT S 7eDICE M BN S OV R— FAVRAIRTH D, F7z, JunollfllFEaRIc 13— E NRWE
BEAF D AR FIVBIINCDOWTE, L EAS DY R— M AEEICE S, JunoCamd AIEDCEIGRZRE T 5 E DD,
G CCD IR EEI 2175 DIC TR ZETEF Y VT L—3 75 TEMTERNWD, HEERE O
ZIFIEH EN 50 0.3-2.0p mIFETDOTA RNV R« Fa—N\Y REINREIC RS, Tz, HED D OM/RIVER
FANY BIUFEEEBINC K O K DMER D OWRINERZ 2 C & T, JIRAM 77— 25 5 I HIE T & RO ERIE R O JE
HOHEE & ATREICIE %0 JUNOBRERRIZIESS p m ORIV 2809 2 B 218 L Thianic®, T ORE Tl
D SEZTTS T &I X D R & BB OMRE M & KRR B XU EE 1 barll FOERED 5 & ETH
%O

H FEROE 5 —DDEESIE, JUNODY E— vy VT —R2IIAKRED T BRSNS OHE 13— %
7z, i EABHENSERKERERT—2E LI, VE—bEY I VI T —R2BRRINCY TR THIRT 5 N TER
WVWHTH %, TDRDHITE, 2016FHHADOKRKEDOMHEE TICKEREIH B HR L ZD XA LA —)VEHEL, JUNOIZ
XBBHNCED DR Z 0B H 5, H EH S OENC X 0 BBV R E R KK ESROF & LT, KRB, Oval BA,
Brown Barges Z U CZ DMOREES, FIKEDD > Te RKKUEHE T DFEEMENT EWMHIENTWAHENH S, T
NSOEER FhBirS C Iic kD, JUNODHEIEIED X A IV 7RI DO RA VT ¢ V77 EICDONT, K
RBERICEDETHRIINGEN TS FETH S, THOWVoTR—E2TIH 2D, JUNOF—LIFTBE 7 F aTIC
X B AREOEBIHEBZPEC NI TV 5,

QUNO a7 b &FOmMZEEHNIE NASA H 5 DB EZ T TirhbhTWVWET,)

F—7— F: Juno, Jupiter, imaging, spectroscopy, astronomy
Keywords: Juno, Jupiter, imaging, spectroscopy, astronomy
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Solar UV/EUV response on Jowan thermosphere and radiation belt

Jeoote; =Eikm L RE il b R T 2 IR L SR RRIE L AR E L
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KASABA, Yasumasa ; MORIOKA, Akira!
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1Tohoku Univ.,2Research Institute in Astrophysics and Planetology

In order to evaluate the solar UV/EUV heating effect on the Jovian radiation belt, we made coordinated observations for bott
temperature of the Jovian thermosphere using an infrared telescope and synchrotron radiation from the radiation belt (JSR) usi
a radio interferometer.

Jupiter’s synchrotron radiation (JSR) is the emission from relativistic electrons in the strong magnetic field of the inner magne-
tosphere, and it is the most effective probe for remote sensing of Jupiter’s radiation belt from the Earth. Although JSR has bee
thought to be stable for a long time, recent intensive observations for JSR reveal short term variations of JSR with the time scal
of days to weeks. It is theoretically expected that the short term variations are caused by the solar UV/EUV heating (hereafte
the B-M scenario): the solar UV/EUV heating for Jupiter's upper atmosphere drives neutral wind perturbations and then the
induced dynamo electric field leads to enhancement of radial diffusion. If such a process occurs at Jupiter, brightness distributio
of JSR is also expected to change. Previous studies have confirmed the existence of the short term variations in total flux densi
and its variation corresponds to the solar UV/EUV variations. However, confirmation of the scenario is limited. The purpose of
this study is to examine the B-M scenario based on radio interferometer and infrared observations, and reveal precise physic
processes of the inner magnetosphere.

We made simultaneous observations of the Giant Metrewave Radio Telescope (GMRT) and the NASA InfraRed Telescopt
Facility (IRTF) in January 2014, in order to reveal whether the Jovian thermosphere responses to the solar UV/EUV and whethe
this actually causes variations of the total radio density and brightness distribution of JSR. The total radio flux density, rotationa
temperature of b, and solar EUV flux showed a similar decreasing trend until Jan. 10. These results support the B-M scenario.
On the other hand, the total flux density and the temperature increased after Jan. 12 even when the solar EUV flux decreasit
almost monotonically. The enhancement of the temperature and the total flux density after Jan. 12 might be caused by the hic
latitude heating. A numerical simulation study of the Jovian upper atmosphere suggests that the high latitude Joule heating
induced by solar EUV radiation and it affects the mid-low latitude thermosphere. It is shown that the high-latitude heating pro-
duces an atmospheric convection cell which propagates from the heat source region at both high and low latitudes. In additio
to that, if high latitude heating is caused by some processes other than the solar UV/EUV, it is expected that this also affect
the mid-low latitude temperature and the radiation belt: one of such effects might be brought by enhancement of field alignec
currents flowing into the high latitude region, which is driven by some global magnetospheric variations.

Thus, we found that the solar UV/EUV enhancement causes the variations in thermospheric temperature and intensity of JS
had correlation from the combined simultaneous observations, which is consistent with the B-M scenario. It is also suggeste
that one point should be taken into account in addition to the original B-M scenario, i.e., the high latitude heating effect on the
mid-low latitude thermosphere.

F—T— R REBEGRR, AR, SRIVEEI, BT B, REasEeE

Keywords: Jovian radiation belt, Jovian thermosphere, Infrared spectroscopic observation, Radio interferometric observatior
Solar UV/EUV response
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Summary of Hisaki observation during one-year and the next
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Dynamics of Jupiter’'s auroral acceleration investigated by multi-wavelength plasma re-
mote sensing with space telescopes
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Harvard-Smithsonian Center for Astrophysics, U8ullard Space Science Laboratory, University College London, INGSA
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IRIKEN Nishina Center for Accelerator-Based Scierf@@gpartment of Physics, Lancaster University, UKstitut de Recherche

en Astrophysique et Planetologie, FranéBJanetary Plasma and Atmospheric Research Center, Tohoku University, Japan,
°Laboratoire de Physique Atmospherique et Planetaire, Universite de Liege, Belftiligh, Energy Astrophysics Division,
Harvard-Smithsonian Center for Astrophysics, U8ullard Space Science Laboratory, University College London, INGSA
Marshall Space Flight Center, Space Science Office, "D8partment of Space Studies, Southwest Research Institute, Boulder,
Colorado, US

From January to April 2014, two observing campaigns by multi-wavelength remote sensing from X-ray to radio were per-
formed to uncover energy transport process in Jupiter's plasma environment using space telescopes and ground-based faciliti
These campaigns were triggered by the new Hisaki spacecraft launched in September 2013, which is an extremely ultraviols
(EUV) space telescope of JAXA designed for planetary observations.

In the first campaign in January, Hubble Space Telescope (HST) made imaging of far ultraviolet (FUV) aurora with a high spe-
cial resolution (0.08 arcsec) through two weeks while Hisaki continuously monitored aurora and plasma torus emissions in EUV
wavelength with a high temporal resolution (more than 1 min). We discovered new magnetospheric activities from the campaigr
data: e.qg., internally-driven type auroral brightening associated with hot plasma injection, and plasma and electromagnetic file
modulations in the inner magnetosphere externally driven by the solar wind modulation.

The second campaign in April was performed by Chandra X-ray Observatory (CXO), XMM newton, and Suzaku satellite
simultaneously with Hisaki. Relativistic auroral accelerations in the polar region and hot plasma in the inner magnetosphere
were captured by the X-ray space telescopes simultaneously with EUV monitoring of aurora and plasma torus. Auroral intensity
in EUV indicated a clear periodicity of 45 minutes whereas the periodicity was not evident in X-ray intensity although previous
observations by CXO indicated clear 40-minute periodicity in the polar cap X-ray aurora.

In this presentation, we show remarkable scientific results obtained these campaigns.

1/1



Japan Geoscience Union Meeting 2015 /0 d ,,

(May 24th - 28th at Makuhari, Chiba, Japan)
©2015. Japan Geoscience Union. All Rights Reserved. ]ggg‘sgime

Union

PPS01-20 £35A03 FFR9:5 A 27 H 10:25-10:40

O & 5 EXCEEDAME A 7o R NS C 351 % KR R D552
Solar wind influence on Jupiter’s inner magnetosphere found by HISAKI/EXCEED
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Astrophysics and PlanetologyThe University of Tokyo

The dawn-dusk asymmetry of the lo plasma torus has been seen by several observations. One possible cause of this asymme
is a dawn-to-dusk electric field in Jupiter's inner magnetosphere. However, the question what physical process can impose su
an electric field deep inside the strong magnetosphere still remains. The long-term monitoring of the lo plasma torus is ¢
key observation to answer this question. The extreme ultraviolet (EUV) spectrometer EXCEED onboard the HISAKI satellite
was launched in 2013 and observed the lo plasma torus for more than several months. We investigated the temporal variatic
of the dawn/dusk ratio of EUV brightness. Then we compared it to the solar wind dynamic pressure extrapolated from that
observed around Earth by using magnetohydrodynamic (MHD) simulation. As a result we found clear responses of the dawn
dusk asymmetry to rapid increases of the solar wind dynamic pressure. This result agrees with the scenario that a dawn-to-du
electric field is imposed in the inner-magnetosphere by a field-aligned current.
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EUV observation for Jovian inner magnetosphere
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IRikkyo University, 2Institute of Space and Astronautical ScienéRJKEN Nishina Center for Accelerator-Based Science,
4Planetary Plasma and Atmospheric Research Center, Tohoku UniveBsifyartment of Geophysics, Graduate School of Sci-
ence, Tohoku University,Graduate School of Frontier Sciences, The University of Tokyo, Department of Complexity Science
and,”Institute of Space and Astronautical Science/Earth-Life Science Institute, Tokyo Inst. of Tech.

"HISAKI” the Japanese Earth orbiting satellite has been launched in September 2013 from the Uchinoura space center. Th
EUV spectroscope "EXCEED” on board the spacecraft is observing the planets in our solar system since the end of Novembe
2013 [Yoshikawa et al. 2014]. The performance of the instrument (effective area, spectral and spatial resolutions, and etc.) at
same as been expected before the launch [Yoshioka et al. 2013]. Using the EUV spectra of the Jovian inner magnetosphere {
plasma torus) taken by the EXCEED, the plasma dynamics such as electron transportation or local heating process have be
revealed. In this presentation, we will show the whole results of lo plasma torus observation through the EXCEED, and we will
also explain the way of our approach for the Jovian plasma dynamics.

F—U— B Mk, AR, WAUE
Keywords: EUV, Jupiter, magnetosphere
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Local electron heatlng around lo observed by the HISAKI satellite
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IPlanetary Plasma and Atmospheric Research Center, Tohoku U8RS/JAXA, 2National Institute of Technology, Kagoshima
College,*Graduate school of Science, Tohoku Universifyepartment of Complexity Science and Engineering, Univ. of Tokyo

lo-correlated brightness change in lo plasma torus (IPT) has been discovered by the Voyager spacecraft and show an evider
of local electron heating around lo. However, the observation data is still limited to investigate its detail properties and cause
of the electron heating around lo is still open issue. EUV spectrograph onboard the HISAKI satellite carried out continuous
observation of IPT and Jovian aurora for 2.5 months since the end of Dec. 2013. It covers wavelength range from 55 to 145 nrr
a wide slit which had a field of view of 400 x 140 arc-second was chosen to measure radial distribution and time variation of IPT.
Observation of IPT with HISAKI found clear periodic variation in the IPT brightness associated with lo’s orbital period. The lo
phase dependence shows that bright region is located just downstream of lo. The amplitude was larger in the short waveleng
than in long wavelength. These are evidence of local electron heating around/downstream of lo and consistent with the Voyage
result. In addition, it is found that the brightness also depends on the system-IIl longitude of Jupiter and has local maximun
around 120 and 300 degrees. Based on an empirical model of IPT, electron density at lo also shows maxima around the sar
longitudes. This suggests that the electron heating process is related with IPT density at lo. Total radiated power from IPT on Jal
2014 was 1.1 TW, which was about a half of the power measured by the Cassini UVIS instrument on Oct. 2000. lo-correlatec
component has about 10 % of the total radiated power, showing that about 100 GW of power was converted to heat therme
electron in IPT immediately after the generation of source energy around lo.
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Cassini/RPWS: A low frequency radio imager at Saturn
Cassini/RPWS: A low frequency radio imager at Saturn
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The High Frequency Receiver (HFR) of the Radio and Plasma Waves Science experiment (RPWS) onboard Cassini is
sensitive, and versatile radio instrument. Although the radio antenna connected to this instrument have no intrinsic directivity
the HFR measurements can provide instantaneous direction of arrival, flux density and polarization degree of the observed rad
waves. Hence, the HFR can be described as an full-sky radio imager. As the instrument provides direction of arrival, radic
sources can be located with some assumption on the propagation between the source and the observer. Hence, it is possible
produce radio source maps and correlate them with observations at other wavelengths, such as UV or IR observations of tt
auroral regions of Saturn. The flux and polarization measurements together with the time-frequency shape of the radio emissiol
can also be used to identify the radio emission processes.

We present a review of the results of the Cassini/RPWS/HFR observations since its arrival at Saturn in 2004: interpretatior
of the radio arc shapes and equatorial shadow zones; in-situ observations in the radio source region; comparison with oth
wavelengths and particle measurements; confirmation of the Cyclotron Maser Instability (CMI) as the main emission mechanisn
for auroral radio emissions; monitoring of the radio emission variability in time and location, etc. We will also show how the
future JUICE mission will benefit from these techniques.

F—7— R: Radioastronomy, Saturn, Aurora, Magnetosphere, Cassini
Keywords: Radioastronomy, Saturn, Aurora, Magnetosphere, Cassini
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